ABSTRACT. Data in the literature concerning atrial natriuretic factor (ANF) physiology in the fetus and newborn, although limited, suggest significant activity during the perinatal period. To characterize further ANF physiology during this time, we documented immunoreactive ANF (IR-ANF) concentrations in the right and left atria before and immediately after birth a s well as in the hearts of immature and adult rats. There was a significant decrease in the concentration of IR-ANF in both right and left atria on the In contrast to normal adult animals, factors mediating the observed change affect both atria equally during the perinatal period. The concentration of IR-ANF in the right and left atrium of the fetal, newborn, and immature animals was equal. These data document significant alterations in intraatrial IR-ANF concentrations in the perinatal period. The changes in tissue concentration reflect an alteration in the synthesis/release relationship that may be either a response to or evidence of involvement in the modulation of intravascular vol at the initiation of extrauterine life. (Pediatu Res 25339-341, 1989) Abbreviations ANF, atrial natriuretic factor IR-ANF, immnnoreactive atrial natriuretic factor ANF, a peptide synthesized and secreted by atrial myocytes, has potent natriuretic, diuretic, vasodilatory, and antimineralocorticoid properties (1 -7). These characteristics suggest that ANF may play a significant role in salt and water homeostasis and in blood pressure control (1, 8) .
ANF, a peptide synthesized and secreted by atrial myocytes, has potent natriuretic, diuretic, vasodilatory, and antimineralocorticoid properties (1 -7). These characteristics suggest that ANF may play a significant role in salt and water homeostasis and in blood pressure control (1, 8) .
Data in the literature concerning ANF physiology in the fetus and newborn, although limited, suggest significant activity during the perinatal period. IR-ANF is present in the fetal rat heart shortly after formation of the four chamber heart, and at 20 d of gestation, levels of IR-ANF in plasma are markedly higher than in the adult rat (9, 10) . During late gestation of the fetal sheep, intravascular expansion causes an increased concentration of plasma IR-ANF (1 1). In human newborns, arterial cord plasma levels and venous plasma concentrations obtained during the first 4 d of extrauterine life are reported to be greater than plasma levels in adults (12) (13) (14) . Unexpectedly, IR-ANF has also been found in high concentrations in the 20-d fetal rat ventricle, with a marked decrease occurring in the first few days of life (10, 15) . The significance of ventricular ANF remains unclear.
To define more clearly ANF physiology during the pennatal period, we measured IR-ANF concentrations in the right and left atria before and immediately after birth as well as in the hearts of immature and adult rats. We then compared ANF levels between right and left atria and among age groups.
MATERIALS AND METHODS
Tissue harvest. Pregnant Sprague-Dawley rats at 20 and 2 1 d of gestation (term = 2 1-22 d), pups at 1, 2, 5, and 15 d of age. and adult nonpregnant female animals (Harlan, Indianapolis. IN) were killed by stunning and decapitation. After the hearts of the fetuses, pups, and adult animals were removed, individual atria were dissected free, frozen in liquid nitrogen, and stored a1 -70°C until extraction. Tissue from fetuses and pups was harvested from two litters at each age.
Extraction and recovery of ANF. Frozen tissue samples werc partially thawed on ice then individually processed. We added 2 mL of hot (100°C) 1.0 M acetic acid to each specimen. Thf samples were homogenized for 60 s (Tissumizer, Tekmar, Cin-. cinnati, OH), placed in boiling water for 10 min, cooled on ice., and centrifuged at 30 000 x g for 30 min at 4°C. An aliquot ol' the supernatant was lyophilized for subsequent RIA and the remainder stored at -70°C for protein determination and recov-. ery. Protein concentration was measured by the method of Lowry et al. using BSA as the standard (Sigma Chemical Co., St. Louis, M 0 ) (1 6).
Recovery of IR-ANF from the acid extraction procedure was quantified using extracts of both right and left atria from each age group. Selected samples were separated into two equal vol. A known amount of unlabeled ANF (two to three times greater than concentration present in the extract) was added to one portion and to an equal vol of RIA buffer. All extracts were processed as previously described, and the amount of ANF in the extracts and buffer samples was determined by RIA. Recovery was calculated as the difference between samples with ancl without added ANF, divided by the concentration of ANF in thc buffer samples.
RIA. Lyophilized tissue extracts were reconstituted in RIP.
buffer (0.1 M sodium phosphate, 0.05 M NaCI, 0.1 % BSA, 0.1 % Triton X-100.0.0 1 % sodium azide, pH 7.4). RIA was performed using the double antibody method (17) . Rabbit anti-hANF, '251-hANF. and a-hANF standard were obtained from Peninsula Laboratories (Belmont, CA). Goat antirabbit y-globin was purchased from Antibodies Inc. (Davis, CA). The cross-reactivity of rabbit anti-hANF is 100% with rat ANF (Ile'b-hANF), 100% with rat atriopeptin 111, 5% with rat atriopeptin 11, and 0% with rat atriopeptin I. The final dilution of ANF antibody was 1: 120 000. The sensitivity of the assay in our laboratory is 2.6 pg/tube. The intraassay and interassay coefficients of variation are 7% (n = 9) and I 1 % (n = 34), respectively. Analysi.s. T o normalize the distribution of the data, a log transformation was performed before the analysis. To test for differences in IR-ANF concentrations at various ages and between the right and left atria, a n ANOVA was performed using the Student-Newman-Keuls test for a posteriori comparisons. A paired f test was used to test for right-left differences at each age. The SAS (SAS Inc., Cary, NC) computer program package was used for data management and analysis. A value of p <0.05 was considered significant.
RESULTS
The recovery of ANF in the acid extracts of the right and left atrial samples was determined (see Materials and Methods) in three samples from each atria at each time period. The range of the recoveries was 71.3% to 104.2%; the mean was 88.4 t 2.3% ( X t SE). Reported concentrations of IR-ANF were corrected for mean recovery of a-hANF from the right and left atria at each age. Samples from both atria at each age diluted in parallel to the standard curve of the RIA as previously reported (9 intraatrial pressure or vol and increased heart rate) may be active in late gestation and the perinatal period (1). Exogenous vol expansion in late gestation of the fetal sheep stimulates A N F release (I I). Despite the fact that physiologic intravascular expansion has not been shown to mediate a similar response, reports suggest that events before birth may be associated with net fluid shift into the intravascular space. Specifically, decreased lung fluid production has been documented in the lamb 2 d before delivery (18) . In addition, increased intrauterine hydrostatic pressure associated with labor could expand the intravascular vol and increase ANF secretion as observed with water immersion therapy (19, 20) . At birth, hernodynamic changes result in a rise in intraatrial pressure (20) . Finally, marked alterations in heart rate are associated with uterine contractions during labor (20) . Thus, the known stimuli of ANF release may influence intraatrial ANF concentration in the perinatal period. Normal adult animals respond to physiologic and pharmacologic stimuli by the release of ANF from the right atrium (21) (22) (23) (24) . A similar conclusion was reached concerning the fetal rat. Investigators administered indomethacin to rat dams on d 20 of gestation and subsequently documented a decrease in the concentration of ANF in right fetal atrium but no change in the left fetal atrium (10) . The response was presumed secondary to vol and pressure changes in the right atrium associated with closure of the ductus arteriosus (10) . In the present study, the equal response of both atria suggests that the aforementioned changes 
